Liver tissue from animals that died of rabbit hemorrhagic disease (RHD) was used to identify the causative agent. After extraction of liver homogenates and sucrose density gradient ultracentrifugation, distinct bands were obtained. The respective gradient fractions reacted positively in an enzyme-linked immunosorbent assay as well as in hemagglutination assays and were infective for rabbits. These fractions contained virions which had a diameter of 40 nm and resembled morphologically those of the family Caliciviridae. By immunoblotting, a major structural protein with a molecular weight of 60,000 was identified. Highly pure RNA of about 8 kilobases was isolated from virions. Labeled cDNA synthesized from virion RNA detected two RNAs of 8 and 2 kilobases in Northern (RNA) blots of liver RNA from animals infected with RHD virus. Finally, isolated virion RNA injected into the liver of rabbits produced a disease with clinical symptoms and pathological findings typical of RHD. We conclude that a calicivirus represents the causative agent of RHD.
Liver tissue from animals that died of rabbit hemorrhagic disease (RHD) was used to identify the causative agent. After extraction of liver homogenates and sucrose density gradient ultracentrifugation, distinct bands were obtained. The respective gradient fractions reacted positively in an enzyme-linked immunosorbent assay as well as in hemagglutination assays and were infective for rabbits. These fractions contained virions which had a diameter of 40 nm and resembled morphologically those of the family Caliciviridae. By immunoblotting, a major structural protein with a molecular weight of 60,000 was identified. Highly pure RNA of about 8 kilobases was isolated from virions. Labeled cDNA synthesized from virion RNA detected two RNAs of 8 and 2 kilobases in Northern (RNA) blots of liver RNA from animals infected with RHD virus. Finally, isolated virion RNA injected into the liver of rabbits produced a disease with clinical symptoms and pathological findings typical of RHD. We conclude that a calicivirus represents the causative agent of RHD. A recently emerging contagious disease of rabbits that was first described in China in 1984 as rabbit hemorrhagic disease (RHD) (7), hemorrhagic septicemia, or infectious necrotizing hepatitis currently causes severe losses in the whole of Eastern Europe and many countries of Western Europe. The disease is characterized by high morbidity and mortality in adult animals, whereas infected rabbits below the age of about 2 months usually survive (23) . After experimental infection adult rabbits usually die within 48 to 72 h and show characteristic pathological lesions. A specific diagnosis can be obtained, since homogenates of some organs contain high titers of hemagglutinating activity with human erythrocytes (23) and also react in an enzyme-linked immunosorbent assay (ELISA). Surviving animals exhibit high titers of anti-RHD antibodies, as measured by hemagglutination inhibition tests (9) or the ELISA. Protection can be induced by vaccination with Formalin-inactivated liver homogenates of infected animals (15) . Until now the exact nature of the causative agent remained unclear, although a parvoviruslike agent (5, 22) ; a picornavirus (23) , and a calicivirus (20) had been connected with the disease. In the present study the causative agent of RHD is characterized.
MATERIALS AND METHODS
Virus, animals, and antisera. Virus isolated from an RHD virus (RHDV)-infected rabbit in the Federal Republic of Germany (FRG) was passaged in rabbits twice by intramuscular injection of filtered liver homogenates from infected animals.
The animals showed characteristic pathologic lesions, such as a pale, fragile liver, often with accentuation of the lobular markings and sometimes interspersed with hemorrhages, an enlarged, congested spleen, reddish speckled kidneys, and lungs with hemorrhagic lesions of different degrees.
Convalescent-phase sera were obtained from rabbits infected at 4 to 6 weeks of age. To obtain additional anti-RHD sera, we Hemagglutination activity with human erythrocytes was consistently found in liver, spleen, lungs, and kidneys of rabbits with peracute or acute RHD. Thus, hemagglutination was used as a main diagnostic procedure for RHD (23) . In addition, RHD-specific antibodies obtained after immunization or infection reacted with liver homogenates from RHDV-infected animals in an ELISA (data not shown). Therefore, hemagglutination tests and an ELISA were used to monitor purification of the virus.
Liver material, which in both assays consistently exhibited the highest amounts of RHDV antigen, was used for purification of the virus. Density gradient centrifugation in cesium chloride solution resulted in a single visible band ranging from 1.32 to 1.34 g/cm3, confirming previous reports (23) . Sucrose density gradient centrifugation yielded three bands with estimated sedimentation coefficients of 175S, 136S, and 100S. These values are in good agreement with those previously published for RHDV (23) and also correspond to those described for caliciviruses (18) . Heterogeneous densities resulting in distinct bands have also been published for other caliciviruses (14) because of loss of RNA (19) , different pH values (17) , and storage conditions (8) .
Sucrose density gradients were fractionated, and aliquots were tested by hemagglutination and an ELISA for the presence of RHDV (Fig. 1 corresponding to all three visible bands in sucrose gradients, indicating the existence of 175S, 136S, and lOOS particles. Preparations of 175S particles (peak I in Fig. 1) showed the highest degree of homogeneity and purity (Fig. 2) . The virions were 40 nm in diameter and displayed a clearly structured surface consisting of regularly arranged cupshaped depressions, consistent with previous reports (20, 23) . Morphology and size were in agreement with those recorded for caliciviruses (18 3, and 4 ) and respective preparations from healthy rabbits (lanes 2, 5, and 6) were subjected to SDS-polyacrylamide gel electrophoresis (lanes 1 and 2) and Western blotting (lanes 3, 4, 5, and 6). Convalescent-phase serum from FRG (lanes 3 and 5) and anti-RHD serum from the People's Republic of China (lanes 4 and 6) were used for the detection of viral proteins. Numbers indicate the molecular weights in thousands of the SDS-polyacrylamide gel electrophoresis standards (Bio-Rad).
anti-RHD serum demonstrated the presence of an antigen which had a similar apparent molecular weight and was the only protein detected in purified virions (Fig. 3, lanes 3 and  4) . This 60K band was not observed in control preparations derived from noninfected livers (Fig. 3, lanes 2, 5, and 6 ).
In search of additional infectious agents in the livers of RHDV-infected animals, we examined all fractions of the sucrose density gradient (Fig. 1) in Western blots by using convalescent-phase sera. Two consecutive fractions each were combined, resulting in a total of 65 samples. The 60K protein was only found in fractions shown previously to be positive in hemagglutination tests and the ELISA. There was no indication of other virus-specific proteins (data not shown). Thus, a single apparently virus-specific protein could be detected in fractions previously shown to contain virus particles that cause RHD and resemble caliciviruses. Calicivirus particles are composed of only a single structural protein of about 60K to 71K (2, 19) .
Demonstration of viral RNA. RNA was isolated from purified 175S particles (peak I fractions), and the size of the viral RNA was analyzed by agarose gel electrophoresis (Fig.  4) . The viral RNA was calculated to be about 8 kilobases (Fig. 4, lane 3) , a size similar to that described for RNA from a feline calicivirus (13) .
To demonstrate viral RNA in preparations from livers, we used radioactively labeled first-strand cDNA as a hybridization probe. RNA prepared from density gradient-purified virions served as the starting material for cDNA synthesis. In liver RNA extracted from infected animals, the resulting probe recognized a molecule of about 2 kilobases (Fig. 5,  lane 3) . After a prolonged exposure time, a smear in the size range of about 8 to 0.2 kilobases (Fig. 5, lane 3* could be detected (Fig. 5, lanes 1 and 1*) . In contrast, no specific signal could be detected with RNA from the liver of a noninfected animal (Fig. 5, lanes 2 and 2*) . In the feline calicivirus system, an RNA of 2.4 kilobases has been shown to represent the major subgenomic mRNA (13) .
RHD resulting from injection of viral RNA. Although the virus preparation inducing RHD after injection into rabbits appeared homogeneous by electron microscopy, the presence of other infectious agents had to be excluded. In addition, the nucleic acid preparation from virions was highly pure, but the involvement of a DNA virus in the development of RHD could not be definitively ruled out.
As a direct approach, three rabbits negative for anti-RHD The results obtained so far show clearly that a member of the family Caliciviridae is the causative agent of RHD. Parvoviruses can be excluded because of the production of RHD after injection of the calicivirus RNA into rabbits, and picornaviruses can be excluded by the detection of subgenomic RNA and the presence of a single capsid protein.
Further efforts will be directed toward molecular cloning and sequencing of the viral genome. The development of molecular probes will be important not only for diagnostic purposes but also for the investigation of an assumed connection between RHD and European brown hare syndrome, a disease that resembles RHD with respect to pathological lesions, hemagglutination activity, and the morphology of particles found in livers of diseased hares.
The poorly studied family Caliciviridae will probably be enlarged by a human pathogen, the so-called hepatitis E virus. The respective disease has been described as one form of non-A, non-B hepatitis (16) . After intravenous application, caliciviruslike particles produced non-A, non-B hepatitis in nonhuman primates (1) . The histopathological lesions were quite similar to those seen in rabbits after RHDV infection (11) . The characterization of this virus is in progress, and it will be exciting to compare the individual members of the family at the molecular level.
